solution (HBSS, Gibco). These levels of DNA and liposomes proved to yield the highest expression of marker protein in all cell lines used, under the conditions used in the study. Liposome/DNA complexes were diluted with 1.5 mL serumsupplemented medium and added to subconfluent cells growing in 21-cm2 culture dishes. After 5 hours, a further 3.5 mL of serum-supplemented medium was added to the culture dishes. The transfection mixture was removed and replaced with fresh serum-supplemented medium after a further 15 hours. Cells were then allowed to grow for 72 hours, after which they were studied for gene expression. Although the use of serum has been reported to inhibit liposome-mediated transfection of some cell lines," we have found that human vascular smooth muscle cells tolerate serum-free conditions poorly and with differing sensitivities (eg, cells derived from primary atheroma survive less well than those derived from restenotic plaque or from arterial media). In the presence of liposome/DNA complexes, cell survival is further reduced. Therefore, to increase cell survival and minimize variations in cell loss between cell lines, transfections were performed in the presence of 10% fetal bovine serum.
Cotransfection experiments using two different plasmids were also performed. In these experiments, the amount of DNA/liposome complex was reduced by one half (2.5 jig plasmid DNA, 15 ,ug transfection reagent) so that the final concentration of DNA and liposome would be the same as for single transfections. The plasmid/DNA mixtures were prepared separately and diluted separately before being added to the cultures.
Expression Vectors and Analysis of Recombinant Gene Expression
Transfections were performed using three different plasmids, containing sequences that encode for one of three marker proteins: firefly luciferase, nuclear-targeted Escherichia coli 3-galactosidase, or human growth hormone.
The luciferase expression vector used was pRSVLUC (gift of Dr A. Brasier, Galveston, Tex). This contains a 5' deletion of firefly luciferase cDNA,18 with transcription under the control of the Rous sarcoma virus long-terminal repeat promoter. Use of this reporter gene allowed for quantification of gene expression in cell lysates. Cells were washed three times with calcium-free HBSS, and extracts were prepared by use of a cell lysis reagent (Promega, Madison, Wis) containing 1% Triton-X 100. Half of the extract was taken for analysis of total protein content by the Biorad Microassay procedure. Bovine serum albumin (1 mg/mL) was added to the other half as a carrier protein, and luciferase activity was measured. For this, a 20-pL aliquot was mixed at room temperature with 100 ,uL of luciferase assay reagent (Promega) containing beetle lu- antibody was detected by use of a biotin-streptavidin amplification system and the chromogen 3,3'-diaminobenzidine according to the supplier's guidelines (BioGenix).
Cell cultures were also cotransfected with pGSVLac-Z and pXGH5. We found that when cells were fixed with 0.5% glutaraldehyde (a fixative suitable for the in situ detection of f3-galactosidase activity with X-gal), immunodetection of growth hormone was markedly reduced. In contrast, fixation of cells with acetone allowed the detection of both growth hormone and f3-galactosidase. Acetone was therefore used as the fixative for these experiments. Immediately after fixation, the cells were incubated with the X-gal solution as described above. Cells were then washed with PBS and immunostained with anti-GH antibody. The fast red TR chromogen (BioGenix) was used in the immunolabeling reaction to maximize color contrast between the two labels.
Results Transfection with the growth hormone-encoding plasmid (pXGH5) alone yielded 0.9% positive cells. Positive transfectants were generally scattered throughout the culture area, and staining within a positive cell was distributed throughout the cytoplasm (Fig 3a) . Transfection of a parallel culture with the nuclear-localized 13-galactosidase-encoding plasmid (pGSVLac-Z) alone yielded 0.8% positive transfectants. If all cells had an equal likelihood of being transfected, when cells were incubated with two plasmids, the proportion of double-transfected cells would be approximately 0.9%xO.8%, which is 0.0072%, or <1 in 13 000 cells. In straightforward approach that satisfies the criterion of low toxicity. Furthermore, lipofection has been successfully used to deliver marker genes to the vascular wall. 4 
